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Abstract. We present a comprehensive comparative high resolution mid-IR spectroscopic and X-ray imaging investigation of 
LINERs using archival observations from the /50-SWS and the Chandra Advanced CCD Imaging Spectrometer. Although 
the sample is heterogenous and incomplete, this is the first comprehensive study of the mid-infrared fine structure line emis- 
sion of LINERs. These results have been compared with similar observations of starburst galaxies and AGN. We find that 
LINERs very clearly fall between starbursts and AGN in their mid-IR fine structure line spectra, showing h[oiv]26finfi-'FiR an d 
L[o;v]26^m/L[A( e //]i2.8^m ratios, both measures of the dominant nuclear energy source in dust-enshrouded galaxies, intermediate 
between those of AGN and starbursts. Chandra imaging observations of the LINERs reveal hard nuclear point sources morpho- 
logically consistent with AGN in most (67%) of the sample, with a clear trend with IR-brightness. Most LINERs that show a 
single dominant hard compact X-ray core are IR-faint ((L FIR fL B < 1), whereas most LINERs that show scattered X-ray sources 
are IR-bright. A comparative X-ray/mid-IR spectroscopic investigation of LINERs reveals some puzzling results. Objects that 
display strong hard nuclear X-ray cores should also display high excitation lines in the IR. However, we find two LINERs 
disagree with this expectation. The galaxy NGC 404 shows weak soft X-ray emission consistent with a starburst but has the 
most prominent highest excitation mid-IR spectrum of our entire sample. Using IR emission line diagnostics alone, this galaxy 
would be classified as hosting a dominant AGN. Conversely, the IR luminous LINER NGC 6240 has an extremely luminous 
binary AGN as revealed by the X-rays but shows weak IR emission lines. With the advent of SIRTF, and future IR missions 
such as Herschel and JSWT, it is increasingly critical to determine the origin of these multiwavelength anomalies. 
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• rH ! 1 . INTRODUCTION AND MOTIVATION (IR) and X-ray background radiation to the origin and evolution 

' of galaxies in general. 
H I Of the various classes of galaxies, low-ionization nuclear 

■ - - < emission-line region galaxies (LINERs) represent one of the 

most captivating subsets of active galaxies yet they are the least Man y LINERs are expected to contain obscured nu- 
understood. These galaxies show narrow optical emission lines cleL In fact ' usin 8 the compilation by Carillo et al. (1999) 
of low ionization uncharacteristic of photoionization from nor- of a11 LINERs studied in the literature, IR-bright LINERs 
mal stars (Heckman et al. 1980). The ionization mechanismre- (WL B >1) constitute nearly 80% of all nearby LINERs. In 
sponsible for these line ratios is still controversial and remains such galaxies, mid-IR spectroscopic and high spatial resolu- 
at the forefront of astrophysics today. LINERs constitute as tion X " ra y observations are ideal probes of possible buried 
much as one third of all nearby galaxies (e.g., Ho, Filippenko, AGN cores. Mid " IR Hnes not on ly penetrate dust-enshrouded 
& Sargent 1997) and nearly half of all nearby early-type galax- regions, but the y a l so P rovide powerful tools to discriminate 
ies (e.g., Stauffer 1982). Since Seyfert galaxies constitute only between gas photoionized by a central AGN or young stars, 
at most a few percent of the low luminosity active galactic nu- or shock-excited gas. Likewise, sensitive hard X-ray observa- 
clei (AGN) population, LINERs can potentially dominate the tlons at hl 8 h s P atl£a resolution can provide a definite probe of 
population of the low end of the AGN luminosity function and obscured AGN, out to column densities of a few times 10 24 
therefore can have a tremendous impact on several key criti- cm Detection of a single compact hard X-ray source corn- 
eal issues ranging from the contribution of AGN to the infrared cident with the nuc l eus wouW constitute strong evidence for 

the existence of a central black hole. Those galaxies that reveal 

a compact hard X-ray nuclear source should also display high 

Send offprint requests to: S. Satyapal, e-mail: excitation fine structure lines in the mid-infrared, where dust 

satyapal@physics . gmu . edu obscuration is minimal. 
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There have been several recent optical spectroscopic and X- 
ray studies of nearby optically-selected LINER galaxies (e.g., 
Ho et al. 1993; 1997a,b; 2001, Eracleous et al. 2002). In these 
studies, detection of broad Ha emission in some LINERs, 
observations of extended LINER emission in a number of 
galaxies, and X-ray morphology all indicate heterogeneity in 
the ionization mechanism responsible for the LINER spec- 
tra. Viable explanations include shock heating through cloud- 
cloud collisions in galaxy mergers or surrounding AGN, cool- 
ing flows, and photoionization by nonthermal energy sources 
or extremely hot stars (see review by Filipenko 1996). Because 
the nuclear regions of many LINERs can be obscured and the 
intrinsic continuum from the central energy source is often 
thermally reprocessed by dust and hence not directly observ- 
able, a definitive consensus on the true origin of the observed 
optical emission line spectrum in all LINERs has not been 
reached. 

There have been very few IR spectroscopic and high 
spatial resolution X-ray imaging studies of nearby LINERs. 
While recent results from the Infrared Space Observatory 
(ISO, Kessler et al. 1996) have yielded a wealth of information 
on the mid-IR spectral signatures of a significant number of 
optically-identified standard AGN (e.g., Sturm et al. 2002) 
and starburst galaxies (e.g., Genzel et al. 1998, Thornely et 
al. 2000), very few mid-IR spectroscopic observations of 
LINER galaxies have yet been published. Of the few near- 
and mid-IR spectroscopic observations of LINERs that have 
been published thus far, almost all are IR-bright and virtually 
all show low resolution spectra similar to starburst galaxies 
(e.g., Veilleux, Sanders, & Kim 1999; Lutz et al. 1999). Does 
this trend extend to all LINER galaxies? Do infrared-bright 
LINERs represent a "shock-dominated" subclass of the LINER 
population powered predominantly by star formation? As an 
added puzzle, these spectral characteristics are in at least 
one case irreconcilable with X-ray observations that reveal 
distinct evidence for a hard radiation field characteristic of 
an AGN . The optical spectrum of the strongly interacting 
system NGC 6240 shows LINER-like emission lines and 
the mid-IR properties show only weak high excitation line 
emission and an overall spectrum similar to starburst galaxies 
(Lutz, Veilleux, & Genzel 1999). However, a number of hard 
X-ray observations of NGC 6240 with XMM, ROSAT, Beppo 
SAX, and Chandra have detected the presence of a heavily 
obscured AGN with total intrinsic luminosity in the QSO range 
(Komossa et al. 2003; Keil, Boiler, & Fujimoto 2001; Komossa 
& Schulz 1999; Vignati et al. 1999, Komossa et al. 2002). If 
this LINER is indeed powered by an AGN, why does it not dis- 
play strong high excitation lines at mid-IR wavelengths where 
dust obscuration is minimal? Other IR-bright LINERs can also 
host obscured AGN that have thus far been undiscovered in IR 
surveys of local and future high redshift surveys. In fact, some 
of the luminous hard X-ray sources recently discovered by 
deep Chandra surveys have optical and near-IR counterparts 
that show little or no evidence for AGN activity (eg., Brandt 
et al. 2001, Barger et al. 2001, Comastri et al. 2002). Many 
of these objects could be similar to the local LINERs studied 
here. With the advent of SIRTF, it is critical to determine the 



origin of these possible multiwavelength inconsistencies. 

In this paper, we present a comprehensive comparative high 
resolution mid-IR spectroscopic and X-ray imaging investiga- 
tion of all LINERs observed by both ISO and Chandra. The 
Chandra observations presented here are largely unpublished 
archival observations of all LINERs observed either by the 
short wavelength spectrometer (SWS) or the long wavelength 
spectrometer (LWS) on board ISO. In this paper we present 
only the SWS observations of all LINERs in the ISO archive, 
most of which have not previously been published. In a com- 
panion paper, our archival far-IR spectroscopic observations of 
all LINERs are presented (Satyapal & Sanei 2003). This paper 
is structured as follows. In section 2, we summarize the SWS 
and Chandra LINER samples. In section 3, we present the ob- 
servations and data reduction together with a tabulation of all 
SWS line fluxes, X-ray luminosities, and X-ray morphologi- 
cal class designations. The discussion of our results including 
a mid-IR spectroscopic and X-ray comparison of LINERs with 
standard AGN and starbursts is given in section 4, followed by 
a summary of our main results and conclusion in section 5. 

2. MID-IR AND X-RAY LINER SAMPLES 

2.1. SWS LINER Sample 

We searched the ISO SWS archive for all galaxies classified 
as LINER galaxies using the recent compilation of LINERs by 
Carillo et al. (1999). SWS observations of 28 LINER galax- 
ies were found to exist in the ISO archive. Since most galaxies 
were observed as part of a random collection of guaranteed- 
and open-time programs with differing scientific goals, the 
sample is not complete in any sense. Furthermore the observed 
wavelength range is not uniform for all galaxies. The galax- 
ies range in distance from 0.8 to 253 Mpc, and span a wide 
range of infrared luminosities (L^/r = 6.28 x 10 8 L G to 6.53 x 
10 11 L ) , Hubble types, and infrared-to-blue luminosity ratios. 
In Figure 1, we summarize the basic properties of the SWS 
LINER sample. The individual galaxies observed are listed 
in Table 1. Basic galaxy properties were taken from Carillo 
et al. which were predominantly based on the NASA/IPAC 
Extragalactic Database (NED). Distances adopted were based 
on Hubble constant of H = 75 km s _1 Mpc 1 unless otherwise 
noted. 

2.2. Chandra LINER Sample 

Our sample includes all the LINERs observed by Chandra 
that were also observed by either the LWS or SWS for 
which data were available in the public archive up to 2002 
November. Again, LINER identifications were based on the 
LINER catalog compiled by Carillo et al. (1999). Thirty three 
LINER galaxies observed by the ISO spectrometers exist in the 
Chandra archive. Of these galaxies, 20 were observed by the 
SWS and the remaining 13 were observed only by the LWS. 
The galaxies are mostly nearby, and span a wide range of in- 
frared luminosities, Hubble types, and infrared-to-blue lumi- 
nosity ratios. In Figure 1, we summarize the main characteris- 
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Fig. 1. Characteristics of the SWS and Chandra sample of LINERs. Most galaxies are nearby and span a wide range of luminosi- 
ties, IR-brightness ratios, and Hubble types. 



tics of our X-ray LINER sample. The individual galaxies ob- 
served are included in Table 1 . The Chandra observations for 
several of the galaxies have been published before, including 6 
LINERs from the Ho et al. (2001) sample (see Table 3 for refer- 
ences) . In these cases, published values for X-ray luminosities 
and X-ray morphological class designations, if available, were 
adopted. X-ray observations of 18 of the LINERs have never 
been published as of 2003 January, and are presented here for 
the first time. 

3. OBSERVATIONS, DATA ANALYSIS, AND 
RESULTS 

3. 1 . SWS Observations and Results 

All observations were obtained with the ISO-SWS (de Graauw 
et al. 1996) using the SWS02 or SWS06 observing modes. The 
aperture size of the SWS ranges from 14" x 20" to 20" x 
33 " and the spectral resolving power, A / AA, is approximately 
1500. In each galaxy, between one and nine different spectral 
lines were observed over the 2.4-45 /im wavelength interval. 

The data were reduced with the SWS Interactive Analysis 
package (Lahius et al. 1998, Wieprecht et al. 1998) using the 



most recent set of calibration parameters and the ISO Spectral 
Analysis Package ISAP (Sturm et al. 1998). Dark current sub- 
traction, removal of cosmic ray glitches and noisy detectors, 
flat-fielding, and separate co-addition of data in each scan di- 
rection, was carried out prior to line profile extraction, and flux 
and uncertainty measurements. In Table 2, we list line fluxes 
and upper limits for some of the most prominent lines within 
the SWS wavelength range. In some cases, observations for 
some of the galaxies exist at wavelengths that do not overlap 
with observations of any of the other galaxies; these line flux 
measurements were not included in Table 2. Sample spectra of 
the high excitation [OIV] 25.6 /im spectral line, detected in 1 1 
out of 18 LINERs observed at this wavelength, are shown for 
all previously unpublished observations in Figure 2. 

3.2. Chandra Observations and Results 

Archival Chandra observations of all LINERs presented in 
this paper were obtained with the Advanced CCD Imaging 
Spectrometer (ACIS-S) with the source at the nominal aim 
point of the S3 CCD. Most observations were carried out us- 
ing the standard 3.2s frame time, although a few bright tar- 
gets were observed with shorter frame times. Since many of 
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Fig. 2. Spectra of the [OIV] 25.6 //m line, detected in 11 out of 18 LINERs observed at this wavelength for all previously 
unpublished data. 
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Fig. 3. The strength of the [OIV] emission line luminosity ver- 
sus the total far-IR luminosity for LINERs compared with pre- 
viously published AGN (Table 4) and starburst (Table 5) galax- 
ies. The dashed line corresponds to a linear fit to the LINER 
data. As can be seen, LINERs fall between AGN and starbursts. 



the targets are nearby with bright nuclear X-ray emission, 10 
out of the 33 LINER observations revealed pileup of the cen- 
tral unresolved source. The measured counts per frame rate for 
the piled-up sources ranged from 0.1 to 0.97, making detailed 
spectral analyses unfeasible. 

The Chandra observations were processed using CIAO 
v.2.1.2 using the latest calibration files provided by the 
Chandra X-ray Center (CXC). In Table 3 we list the details 
of the Chandra observations along with our results; sources af- 
fected by pileup are flagged. Our data reduction procedure and 
analysis follow the treatment described by Ho et al. (2001). 
The 0.2-8keV energy range was chosen for science analysis. 
Nuclear count rates from 2-8 keV were extracted from a 2" 
radius centered on the nucleus. For all galaxies that did not 
display dominant hard X-ray nuclear sources, the 2" aper- 
ture was centered on the galaxy's VIA nucleus, if available, 
or the 2MASS or optical nucleus. For most sources, the de- 
tected counts were insufficient to employ detailed spectral fits. 
Therefore, the nuclear count rate was converted to 2-10 keV X- 
ray luminosities assuming an intrinsic power law spectrum with 
photon index T=1.8 using the Galactic interstellar absorption 
listed in Table 1 . For all observations that have been published 
as of 2003 January, the published intrinsic X-ray luminosities 
were always employed. In most cases, these luminosities were 
taken from Ho et al. 2001, who employed the same method for 
obtaining intrinsic luminosities as we did. Most of the sources 
that were effected by pile-up, were also previously published 
by authors who corrected for its effects. In a few cases (Mrk 
273, NGC 6240, NGC 5194), intrinsic absorption is known 
to significantly affect the intrinsic X-ray luminosities. In these 
cases, published intrinsic X-ray luminosities obtained from de- 
tailed XSPEC fitting correcting for intrinsic absorption were 



employed. Nuclear luminosities and references for published 
observations are listed in Table 3. 

The X-ray images were classified using the morphological 
class designations adopted by Ho et al. In their scheme, class (I) 
objects exhibit a dominant nuclear point source, class (II) ob- 
jects exhibit multiple off-nuclear point sources of comparable 
brightness to the nuclear source, class (III) objects reveal a nu- 
clear point source embedded in diffuse emission, and class (IV) 
objects display no nuclear source. Morphological class desig- 
nations for all galaxies are listed in Table 3. 

4. DISCUSSION OF RESULTS 

4. 1 . Mid-IR Results: How do LINERs Compare with 
Starbursts and AGN? 

The mid-IR lines observed in our sample of LINERs originate 
from ions with a wide range of ionization potentials. As has 
been shown in previous work, AGN show prominent high ex- 
citation fine structure line emission but starburst galaxies are 
characterized by a lower excitation spectra characteristic of HII 
regions ionized by young stars (e.g., Genzel et al. 1998, Sturm 
et al. 2002). Of the 28 LINER galaxies, 18 were observed at 
the wavelength of the [OIV] 26 yum (excitation potential = 55 
eV) line. This line is not produced in HII regions surround- 
ing young stars, the dominant energy source in starburst galax- 
ies, since even hot massive stars emit very few photons with 
energy sufficient for the production of [OIV]. In Figure 3, we 
compare the strength of the [OIV] emission line relative to the 
total far-IR luminosity in LINERs, standard optically- identi- 
fied AGN (Sturm et al. 2002) and the few starburst galaxies 
that show measurable [OIV] 26 //m fluxes (Lutz et al. 1998, 
Genzel et al. 1998). The far-IR luminosity, a significant frac- 
tion of the bolometric luminosity of all of the galaxies plotted 
in Figure 3, comes from thermally reprocessed radiation from 
both stars and any possible AGN. Since strong [OIV] emission 
requires the presence of an AGN, galaxies dominated by star- 
bursts should display low L[oiv]/^fir values (e.g., Genzel et 
al. 1998, Sturm et al. 2002). A compilation of all previously 
published SWS data of AGN and starburst galaxies (plotted in 
Figure 3) is given in Tables 4 and 5. Note that most starbursts do 
not show measurable [OIV] fluxes. The origin of the line emis- 
sion in the few starbursts plotted in Figure 3 is thought to be 
extended ionizing shocks related to the starburst activity (Lutz 
et al. 1998), or, in the case of NGC 5253 and II Zw 40, the two 
starbursts with extreme ratios, photoionization by Wolf-Rayet 
stars (Schaerer & Stasinska 1999). As can be seen in Figure 3, 
LINERs show L[ iv]/Lfir ratios intermediate between those of 
the AGN and starburst galaxies. The average L[ iv]/Lfir ratios 
are 4.2xl0~ 5 , 3.7xl0~ 4 , 3.4xl0~ 3 for starbursts, LINERs, and 
AGN, respectively. 

Figure 4 shows the L[ iv]/Lfir ratio as a function of the 
IRAS F25jum/ F60yum flux ratio. A warm mid-IR color indi- 
cates a hotter dust temperature and is a well-known power- 
ful discriminator between AGNs and starforming galaxies (e.g. 
Miley, Neugebauer, & Soifer 1985; de Grijp, Lub, & Miley 
1987, de Grijp et al. 1992). It is clear from Figure 4 that while 
LINERs generally have higher L [0 iv]/^fir ratios compared 
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Fig. 4. The [OIV] emission line to total far-IR luminosity ratio 
versus mid-IR IRAS color for LINERs compared with AGN 
and starburst galaxies. 



with starbursts, they have comparable mid-IR colors. None of 
the LINERs presented here show extreme warm mid-IR colors 
characteristic of many AGN. 
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for which observations at the wavelengths of both lines exist. 
As was first shown by Genzel et al. (1998), AGN show much 
higher [OIV]/[NeII] line flux ratios than starbursts. The ion- 
ization potential of [Nell] is approximately 22 eV compared 
with 55 eV for [OIV]. Unlike the [OIV] emission, [Nell] emis- 
sion arises in gas photoionized by both stars and AGN. [Nell] 
emission in AGN narrow line regions is expected to be weak 
since the Neon is in higher ionization states. In the absence of 
abundance variations and extreme extinction significant at mid- 
IR wavelengths, the [OIV]/[NeII] line flux ratio can be used 
as a measure of the dominant energy source in the galaxies 
presented here. We can see from Figure 5 that LINERs show 
[OIV]/[NeII] ratios (average=0.28) intermediate between those 
of AGN (average=2.17) and starburst galaxies (average=0.02). 
In addition, LINERs show the greatest dispersion in this ratio, 
possibly supporting the view that LINERs are a mixed bag of 
objects. 

Unfortunately, the sparse spectral emission line data for 
the LINERs observed by ISO precludes the ability to con- 
duct detailed photoionization modeling of the central excitation 
source. 
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Fig. 6. Demographics of the X-ray morphology for the sam- 
ple of LINERs. Following the classification scheme from Ho et 
al. 2001, class I=dominant nucleus, class II=scattered sources, 
class 111= nucleus embedded in soft diffuse emission, class 
IV=no nucleus (see text section 3.2 for details. 



Fig. 5. The [OIV] 26 //m / [Nell] 12.8 jim line flux ratio ver- 
sus mid-IR IRAS color for LINERs compared with AGN and 
starburst galaxies. Note that LINERs are intermediate between 
starbursts and AGN in their [OIV] / [Nell] line flux ratio. 

In Figure 5, we plot the ratio of the high to low excita- 
tion line flux ratio [OIV] 26 yum/[NeII] 12.8 fim as a func- 
tion of the IRAS 25/60 //m color for the 9 LINER galaxies 



4.2. X-ray Morphology 

X-Ray observations can provide a powerful probe into the nu- 
clei of obscured AGN out to column densities of a few times 
10 24 cirT 2 . While young supernova remnants, X-ray binaries, 
and/or hot diffuse gas from starburst-driven superwinds can 
contribute to the hard X-ray band, these sources of emission are 
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Fig. 7. Demographics of the X-ray morphology for the sam- 
ple of LINERs as a function of IR-brightness. (Classification 
scheme as in Figure 6. See text for details). 
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Fig. 8. The [OIV]26 yum / [Nell] 12.8 yum line flux ratio versus 
hard (2-10 keV) X-ray to far-IR luminosity ratio for LINERs 
compared with AGN. LINERs are labeled by galaxy name with 
symbols denoting X-ray morphological class designations, (see 
text section 3.2 for details). 



generally weak and spatially extended. Using Chandra's high 
angular resolution (0.5"/pixel), detection of a compact hard X- 
ray source in these nearby LINERs is highly suggestive of an 
AGN. Note that for 70% of the sample, 0.5" corresponds to less 
than 100 pc. Figure 6 shows the distribution of X-ray morphol- 
ogy amongst the sample of LINERS. As can be seen, we detect 
nuclear point sources morphologically consistent with AGN in 
approximately 67% of the sample. 

In order to explore the characteristics of the IR-bright 
LINER population, we compared the X-ray morphologies of 
LINERs with Lf/s/Lb > 1 with those with L/t/r/Lb < 1. As 
can be seen in Figure 7, most (82%) LINERs that show a sin- 
gle dominant compact X-ray core (class I) are IR-faint. On 
the other hand, most (64%) LINERs that show scattered X- 
ray sources (class II) are IR-bright. Several LINERs show hard 
compact X-ray cores embedded in diffuse soft X-ray emission 
(class III); virtually all of these LINERs are IR-bright. 

These trends of morphological classification with IR- 
brightness are consistent with expectations. Class II objects are 
morphologically consistent with starburst galaxies, expected to 
contain a large population of young stars that heat the dust, 
as well as a large population of X-ray binaries consistent with 
an X-ray morphology dominated by scattered discrete sources. 
Class III objects are very likely objects that contain both dust 
enshrouded circumnuclear starformation as well as an embed- 
ded AGN. Indeed, obscuration of AGN is invariably accompa- 
nied by starburst activity in Seyfert 2 galaxies (Maiolino et al. 
1995). 
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Fig. 9. The [OIV]26 yum / [Sill] 34 yum line flux ratio versus hard 
(2-10 keV) X-ray to far-IR luminosity ratio for LINERs com- 
pared with AGN. Symbols as in Figure 8. 



4.3. Mid-IR/X-ray Comparative Study: Multiwavelength 
Consistency? 

Do multiwavelength diagnostics result in a self-consistent un- 
derstanding of LINERs? Objects that display strong hard X-ray 
nuclear point sources should also display high excitation lines 
in the IR. However, for the few IR-bright LINERs studied in 
detail at both X-ray and IR wavelengths prior to this work, a 
conflicting picture emerges. The IR-bright LINERs NGC 6240 
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and Mrk 273 both show weak [OIV] 26 /J.m emission relative 
to the emission from lower excitation forbidden lines (Genzel 
et al. 1998), but both show remarkably luminous hard X-ray 
nuclear point sources (e.g., Komossa & Shultz 1999, Xia et al. 
2002). If these LINERs are indeed powered by AGN, why do 
they not display strong high excitation lines at mid-IR wave- 
lengths where dust obscuration is minimal? Do other LINERs 
show similar multiwavlength inconsistencies? 

Figure 8 shows the [OIV]/[NeII] line flux ratio as a function 
of the hard X-ray to far-IR luminosity ratio for this sample of 
LINERs compared with those AGN for which both SWS and 
X-ray observations exist (see Table 5 for references). Like the 
[OIV] emission, the hard X-ray emission is dominated by the 
AGN. The first thing to note from Figure 8 is that, as expected, 
the galaxy with the lowest [OIV]/[NeII] line flux ratio is X- 
ray weak and morphologically consistent with a starburst in the 
X-rays (class II object). Galaxies with the highest Lx/Lfir ra- 
tios, are all morphologically consistent with AGN in the X-rays 
(class I and III objects). However, there are a few anomalies. 
NGC 6240 is clearly extremely luminous and morphologically 
consistent with an AGN in he hard X-rays but, as pointed out by 
Genzel et al. (1998), the mid-IR emission line ratios do not sug- 
gest an energetically-dominant AGN. We note that the Seyfert 1 
galaxy NGC 7469 also shows strong hard X-ray emission from 
a nuclear point source but an anomalously low [OIV]/[NeII] 
line flux ratio. Both galaxies are IR-bright and are known to 
host vigorous star formation activity (e.g. Genzel et al. 1995, 
van der Werf et al. 1993). Extinction estimates are insufficient 
to affect substantially the mid-infrared line ratio suggesting that 
some other explanation for this apparent multiwavelength in- 
consistency is required. If the intrinsic spectral energy distribu- 
tion from the X-ray to UV wavelength band is consistent with 
a standard AGN in these two galaxies, the emission lines from 
highly ionized gas should dominate their emission line spec- 
tra. In contrast, NGC 404 shows very weak soft X-ray emis- 
sion consistent with a starburst (see Eracleous et al. 2002) but 
has the highest [OIV]/[NeII] ratio of our entire sample. Using 
IR emission line diagnostics alone, this galaxy would be classi- 
fied as hosting an energetically-dominant AGN. If the emission 
lines are produced in photoionized plasma surrounding X-ray 
binaries, it is indeed surprising that the forbidden line luminosi- 
ties from the high excitation ions surpass those produced by the 
AGN plotted in Figure 8. In Figure 9, we plot a similar diag- 
nostic diagram using the [OIV] 26 //m / [Sill] 34 //m line flux 
ratio. Since the ionization potential of Silicon is less than that 
of Hyrdogen, [Sill] 34 //m emission can originate from both 
photoionized and photodissociated gas. Due to the potentially 
higher importance of partially ionized zones in AGNs com- 
pared with starbursts, the diagnostic power of this line ratio 
is more ambiguous. Nonetheless, it is clear that Figure 9 dis- 
plays the same trends and anomalies that are seen in Figure 8. 
We stress that our choice of IR line ratio diagrams is limited 
by the paucity of data available for LINERs. With the advent 
of SIRTF, detailed abundance- and extinction-insensitive pho- 
toionization modeling of the excitation source in LINERs will 
for the first time be possible. 



4.4. Transient Phenomena in LINERs? 

The multiwavelength anomalies pointed out above invoke the 
possibility of transient activity in at least some LINERs. A 
low X-ray luminosity and a prominent high-excitation forbid- 
den line spectrum could be produced if both phenomena are 
variable and the ISO and Chandra observations took place 
on different dates. Similarly, a luminous hard X-ray luminos- 
ity morphologically consistent with an AGN could be recon- 
ciled with an anemic forbidden line spectrum if the AGN ac- 
tivity is intermittent and the observations were not concur- 
rent. Several LINERs show broad variable Balmer lines (e.g., 
Storchi-Bergmann, Baldwin, & Wilson 1993, Bowler et al. 
1996, Eracleous & Halpern 2001), although variability in the 
narrow lines has not been seen. X-ray variability on timescales 
of weeks to several years has also been observed (Terashima 
et al. 2002). The ISO observations of NGC 404 were ob- 
tained during 1998 January, approximately two years prior to 
the Chandra obserservations. However, NGC 404 was detected 
in the soft X-rays by ROSAT HRI in 1997 April and found 
to be weak (Komossa, Bohringer, & Huchra 1999). An upper 
limit by ASCA in 1997 July also indicates that it was X-ray 
weak in the hard band indicating that X-ray variability between 
the dates of the ISO and Chandra observations is unlikely. 
Similarly, prior to the recent detection of the binary AGN in 
NGC 6240 by Chandra (Komossa et al. 2003), the presence 
of a highly absorbed extremely X-ray luminous AGN was indi- 
cated (e.g., Vignati et al. 1999). In addition, the apparent deficit 
of emission lines from ionized gas implied by the ISO spec- 
trum was also indicated by the low hydrogen recombination 
line fluxes observed from NGC 6240 more than a decade ago 
(e.g., DePoy, Becklin, & Wynn- Williams 1986; Thronson et al. 
1990; van der Werf et al. 1993). It is therefore highly unlikely 
that the multiwavelength anomalies in these galaxies can be ex- 
plained by variability. 

4.5. Constraints on the Intrinsic Spectral Energy 
Distribution in LINERs: A UV Deficit? 

A luminous hard X-ray luminosity morphologically consistent 
with an AGN in concert with weak forbidden and recombina- 
tion lines invites the possibility that the intrinsic spectral en- 
ergy distribution (SED) in at least some LINERs is different 
than that of standard AGN. Previous observations of the con- 
tinuum emission in several low luminosity LINER galaxies re- 
veal that the observed SEDs from the nuclear source lacks the 
standard "big blue bump" in the UV, a feature normally as- 
sociated with emission from a standard optically thick geo- 
metrically thin accretion disk (Lasota et al. 1996; Ho 1999). 
At low accretion rates, the accretion is thought to take place 
via advection-dominated accretion flows (ADAFs; Narayan & 
Yi 1994, 1995). Since ADAFs are radiatively inefficient in the 
production of UV photons, this scenario was suggested by Ho 
(1999) as the explanation for the UV photon deficit in the 
LINER SEDs. 

However, recent observations of a few galaxies that show 
LINER-like optical spectra suggest alternative scenarios. For 
example, detailed photoionization modeling of the LINER-like 
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optical emission lines in the weak line radio galaxy NGC 4261 
require a substantially stronger ionizing UV continuum than is 
observed. This suggests that the intrinsic SED in this galaxy 
is similar to standard AGN and the observed UV deficiency in 
the continuum is a result of substantial extinction along our line 
of sight to the nucleus. This is supported by recent XMM and 
Chandra studies that reveal absorption of N H ~ 10 22 cm -2 to- 
wards the nucleus (Sambruna et al. 2003; Gliozzi et al. 2003). 
Furthermore, The variablity trends in NGC 4261 are very sim- 
ilar to the standard disk-corona system of Seyferts, which may 
suggest that the X-ray continuum is not likely to originate in 
an ADAF (Gliozzi et al. 2003). In this section, we investigate 
the intrinsic SEDs of our sample of LINERs implied by our IR 
emission line observations. 

The infrared emission lines presented here are powerful 
probes of the intrinsic ionizing radiation field as seen by the 
narrow line region. Unlike optical emission lines, these lines 
are less sensitive to extinction. Figure 10 shows the [OIV] 26 
/im luminosity versus the hard X-ray luminosity for all LINERs 
and standard AGN. According to Ho (1999), the UV band is 
exceptionally dim relative to both the optical and X-ray bands 
for seven low luminosity LINERs including NGC 4579, one of 
the LINERs plotted in Figure 10. However, as can be seen by 
Figure 10, the correlation between the [OIV] 26 fim and hard 
X-ray emission for virtually all LINERs and AGN strongly 
suggests a similar intrinsic SED between the UV and X-ray 
bands. Figure 1 1 shows the [NeV] 14.3 fim / [OIV] 26 fim line 
flux ratio versus the hard X-ray luminosity for LINERs and 
AGN. The ionization potential of [NeV] is 97 eV. Since both 
lines are produced predominantly by AGN, the line ratio can 
be used to probe the shape of the ionizing radiation field and 
ionization parameters characteristic of the narrow line region. 
As can be seen from Figure 11, the line ratios characteristic of 
LINERs fall well within the range observed for AGN. In fact, 
the line ratios do not require low ionization parameters, one of 
the main hypotheses for the low excitation optical line spec- 
trum in LINERs (Ferland & Netzer 1983; Halpern & Steiner 
1983). 

In summary, although the data is sparse, our preliminary 
IR observations suggest that the intrinsic SEDs in LINERs are 
not necessarily different from those of standard AGN. While 
NGC 6240, possesses an emission line spectrum in the IR that 
may suggest a deficit of UV photons, its hard X-ray luminos- 
ity is comparable to some of the most luminous AGN and is 
unlikely to be fueled by the low mass accretion rates thought 
to be associated with ADAFs. Furthermore, several bona fide 
Seyfert 1 galaxies also display similar low excitation IR spec- 
tra suggesting a common origin for this phenomena. Since the 
two X-ray luminous galaxies with weak emission lines are both 
IR luminous, it is very likely that dusty AGN are responsible 
for their observed characteristics. For example, it is possible 
that dust absorption of ionizing radiation and subsequent direct 
conversion to thermal IR radiation is responsible for the weak 
emission line spectrum from the narrow line regions of some 
dust-enshrouded AGN (Netzer & Laor 1993). We stress that for 
a true understanding of the intrinsic SEDs of dusty LINERs, an 
extensive set of emission lines are required for detailed pho- 
toionization models. 
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Fig. 10. The [OIV] 26 /im luminosity versus the hard (2-10 
keV) X-ray luminosity for LINERs compared with AGN. The 
dotted line corresponds to a linear fit to the LINER data. 
Symbols as in Figure 8. 
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Fig. 11. The [OIV] 26 /im luminosity versus the hard (2-10 
keV) X-ray luminosity for LINERs compared with AGN. The 
dotted line corresponds to a linear fit to the LINER data. 
Symbols as in Figure 8. 



5. SUMMARY AND CONCLUSIONS 

We present a comprehensive comparative high resolution 
mid-IR spectroscopic and X-ray imaging investigation of all 
LINERs observed by ISO and Chandra. Although the sample 
is heterogenous and incomplete, this is the first comprehen- 
sive study of the mid-infrared fine structure line emission of 
LINERs. These results have been compared with similar ob- 
servations of starburst galaxies and AGN. Our main results are 
summarized below: 
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1 . The high excitation [OIV] 26 fim spectral line, generally 
detected only in active galactic nuclei, was observed in 17 of 
the LINERs and detected in 1 1 of these objects. 

2. LINERs very clearly fall between starbursts and 
AGN in their mid-IR fine structure line spectra. They show 
L[0/v]26/jm/Lf/R and L[ iv]26pm I L[jve//]i2.8^m ratios intermedi- 
ate between those of AGN and starburst galaxies. In the ab- 
sence of abundance variations, these ratios are a measure of 
the dominant energy source in dusty galaxies. The average 
L[oiv]26fm I Lf/r ratio is 4.2 x 1(T 5 , 3.7 x 1(T 4 , and 3.4 x 1(T 3 
for starbursts, LINERs, and AGN, respectively. The average 
L[0/v]26//m / L[Nemn.%im ratio is 0.02, 0.28, and 2.17 for star- 
bursts, LINERs, and AGN, respectively. In addition, LINERs 
show the greatest dispersion in these ratios, possibly support- 
ing the view that LINERs are a mixed bag of objects. 

3. An X-ray morphological study of the 33 LINER galax- 
ies observed by Chandra for which joint ISO comparison data 
is available has also been conducted. We detect nuclear point 
sources morphologically consistent with AGN in 67% of the 
sample. We find that most (82%) LINERs that show a single 
dominant hard compact X-ray core are IR-faint (Lfir/Lb < 1). 
On the other hand, most (64%) LINERs that show scattered X- 
ray sources are IR-bright. Several LINERs show hard compact 
X-ray cores embedded in diffuse soft X-ray emission; virtually 
all of these LINERs are infrared-bright. 

4. A comparative X-ray/mid-IR spectroscopic investigation 
of LINERs reveals some surprising results. Objects that dis- 
play strong hard nuclear X-ray cores should also display high 
excitation lines in the IR. However, the galaxy NGC 404 shows 
weak soft X-ray emission consistent with a starburst but has the 
highest excitation mid-IR spectrum of our entire sample. Using 
IR emission line diagnostics, this galaxy would be classified as 
hosting a dominant AGN. Conversely, the IR luminous LINER 
NGC 6240 has an extremely luminous binary AGN as revealed 
by the X-rays but shows weak IR emission lines. 

5. Contrary to previous suggestions, a comparison of IR 
emissions lines with hard X-ray luminosities strongly suggest 
that the intrinsic SEDs in LINERs are not necessarily different 
in LINERs compared with standard AGN. 

Our joint mid-infrared spectroscopic and X-ray investiga- 
tion of LINERs provide a sampling of some of the puzzles 
emerging concerning their central energy sources. We stress 
that the limited data available at this time precludes detailed 
photoionization modeling of the central engines. With the 
advent of SIRTF, and future IR missions such as Herschel and 
JSWT, such detailed analysis will for the first time be possible. 
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Table 1: The /50-SWS and Chandra Sample 
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Nnr4SfSQriuQ0^ 

IN VJV_,^+ JU7^1V1^7U ) 


Chandra SWS T WS 

KstlClflCll Cl, O VV O, LVV J 


16. 8 C 




7 


1.1 




025 

U.U 7 . J 


Nnr4S7QnVTS8^ 

INVJV^H- J / ;7^1VUO ) 


Chandra SWS T WS 

K^llCltlCll Cl, O VV O, LVV O 


1 8 C 

1U.O 




7 




0.7 


yes 


025 


IN VJV^H-UJ 1 


SWS T WS 

JVVO, LVV J 


10 7 


SAlrsV 


1 


2.1 




020 


Nnr4(SQ(S 

IN v_JV_>-rUyl.) 


Chandra SWS T WS 

K^tlClftCll Cl, O VV O, LVV O 


10 5 d 

J7.J 


H -1- 1 ■ np^ 1 


8 8 
o.o 


1 

0. 1 




0.081 




SWS 


124.3 




11.4 


77 5 




0.019 




SWS T WS 

O VV O) LVV O 




i-ivi,ucc 


1 1 1 
ii.j 


71 8 

/ J.O 




1 00 

U. lOU 


1NVJV_J I^H-^IVIJ 1 ) 


Chnnsim SWS T WS 
l^ilClflClt Cl, OVVo, LVV J 






S 


1 7 
i . / 


yes 


016 

O.Ol o 


IN VJV^ J 17J 


Chnnslm T WS 
KsllClflCll Cl, LVV o 


7 7 C 


*\R01 -rvc 




^1 

^ J.O 




016 

U.Ol o 


L V J I\ IX _ / J) 


Chandra SWS T WS 

KstlClftClt Cl, O VV O, LVV O 


151.11 


iviiig gaiaAy 


1 1 8 
1 1 .o 


1 62 

iUi.7 




01 1 

U.UI 1 


V. A. JV_ A. J 1 UZ.-U1L/ 


Chnnslm SWS T WS 
X^llClllCll Cl, jVVa, LVV J 


9Si n 






^1 S 
*^ J. J 




019 


NGC5899 


SWS 


34.2 


SAB(rs)c 


9.9 


3.8 




0.017 


NGC6240 


Chandra, SWS, LWS 


97.9 


I0;pec 


11.5 


38.2 


yes 


0.058 


NGC6503 


Chandra, LWS 


0.6 


SA(s)cd 


6.8 


2.1 




0.041 


NGC6500 


Chandra, SWS 


40.1 


SAab 


9.4 


1.4 




0.074 


NGC6764 


SWS, LWS 


32.2 


SB(s)bc 


10.0 


5.8 




0.061 


NGC7331 


Chandra, LWS 


11.0 


SA(s)b 


9.8 


3.8 




0.086 


NGC7479 


SWS 


31.8 


SB(s)c 


10.3 


4.9 




0.050 


IC1459 


Chandra, LWS 


22.6 


E3 


8.6 


0.1 




0.012 


Abell 2597 


Chandra, SWS 


328.8 


E 








0.025 


IRAS23128-5919 


Chandra, SWS, LWS 


178.4 


Merger 


11.7 


89.6 




0.028 


IRAS23135+2516 


SWS 


109.4 


Spiral 


11.2 


67.8 




0.056 


IRAS20551-4250 


Chandra, SWS 


171.3 


Merger 


11.7 


66.6 




0.039 


MRK266 


Chandra, SWS 


112.2 


Compact;pec 


11.2 


25.8 




0.017 



Columns Explanation: Col(l):Common Source Names; Col(2): Sources observed by either Chandra, SWS or LWS; Col(3): Distance (for H = 75 km s _1 Mpc _1 unless otherwise 
noted); Col(4): Morphological Class; Col(5): Far-infrared luminosities (in units of solar luminosities: L©) correspond to the 40-500/im wavelength interval and were calculated using 
the IRAS 60 and 100/im fluxes according to the prescription: L / r /fi = 1.26xlO _14 (2.58f 6 o+f]oo) in W irr 2 (Sanders & Mirabel 1996).; Col(6): L FtR same as previous (Sanders & Mirabel 
1996), L B : B magnitude see Carrillo et al (1999); Col(7): LINERs with broad Ha emission; Col(8): N H xl0 22 cnT 2 References: "Stanek et al 1998; ''Puche et al 1988; c Tully et al 1998; 
''Guainazzi 2000; 'Ho et al 2001; ^Wilson et al 2001; s Feldmeier et al 1997. 
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Table 2a: Observed fine structure line fluxes and upper limits (in 10 20 W cm 2 ) 



Galaxy Name 



[SIV] 



[Nell] 



[NeV] 



[Nelll] 



[SIII] 



Wavelength: 

E, on (eV)': 
Aperture 2 : 



10.5yum 
34.8 
14x20 



12.8yum 
21.6 
14x27 



14.3yum 
97.1 
14x27 



15.5/im 
41.0 
14x27 



18.7jum 
23.3 
14x27 



NGC0253 

NGC0404 

IRAS01 173+ 1405 

NGC0660 

NGC0838 

NGC1052 

UGC05101 

NGC3079 

NGC4579/M58 

NGC4651 

UGC08335 

IC0883 

M51 

MRK0266 

MRK273 

CGCG162-010 

NGC5899 

NGC6240 

NGC6500 

NGC6764 

IRAS 20551-4250 

NGC7479 

IRAS 23128-5919 

IC5298 



<3.27 3 



1.52+0.34 



52 3 



400° 
<0.46 3 
<2.09 3 
30.7+2.91 

1.2+.001* 



3.18+1.08 

6.63+0.49 
3.0 r 



17" 
<0.57 3 
7.87±.63 
1.3 r 

5.65±0.30 c 



4.51+1.17 32.24+1.43 
<2.27 3 
<0.96 3 



<1.5 r 



<0.45 
<0.53 3 

<0.46 3 
0.5"* 
0.82 r 



1.0 C 

1.71+.46 

<0.25 r 

<0.4 C 



<0.4* 
6.6+1.77 

3.05+0.39 
<1.52 3 



6.7" 
<10.9 3 
8.61+.81 



<7.50 3 

<0.9* 
<1.4 C 
6.85+0.94 
<0.78 3 



1.24+0.23 

<0.82 r 



<4.0 C 
<2.52 3 
17.65+3.84 
03 c 

0.W 



Footnotes to Table 2a: 'lower ionization potential of the stage leading to the transition; 2 in arcseconds; 3 Upper limits correspond to 3cr values. 

References: Flux data for these objects were taken from the following papers: "Thornley et al. 2000; h Sugai and Malkan 2000; ' Genzel et al. 1998; d Prieto and Viegas 2000 
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Table 2b: Fluxes continued (in 10 20 W cm" 2 ) 



Galaxy Name 


[OIV] 


[Fell] 


[SIII] 


[Sill] 


[Nelll] 


Wavelength : 


25.9/im 


26.0/um 


33.5/im 


34.8yum 


36.0yum 


E ion (eV)OIVlines/266mrk - OIV.ps 1 : 


54.9 


7.9 


23.3 


8.2 


41.0 


Aperture 2 : 


14x20 


14x27 


20x33 


20x33 


20x33 


NGC0253 


5.63±0.46 


19.3+1.1 




294+7.27 


25.3+2.64 


NGC0404 


1.51±0.22 




3.67+0.73 


2.23+0.29 


8.96+0.55 


IRAS 01173+1405 












NGC0660 


3.30±0.89 


<2.43 3 


40+3.23 


52.8+7.2 




NGC0838 


<0.85 3 


1.63+0.28 








NGC1052 






<1.0 6 






UGC05101 


<0.600 c 




2.5 C 


6.6 C 




NGC3079 


<0.27 3 




6.62+1.74 


32.02+3.22 




NGC4579/M58 


0.79±0.10 




<1.19 3 


13.4+1.67 


±1.17 


NGC4651 












UGC08335 












IC0883 


<0.90 3 










M51 


1.48±0.33 




12.1+2.71 


12.3+2.17 




MRK0266 


2A d 










MRK0273 


2.8 C 




2.3 C 


3 C 




CGCG162-010 








<1.17 




NGC5899 


1.5+0.17 










NGC6240 


3.1 c 




4.5 C 


21 c 




NGC6500 






2.89+0.37 


<0.65 3 


<2.36 3 


NGC6764 


O.83+0.19 


<0.31 3 


<3.28 3 


13.77+1.60 




IRAS 20551-4250 


<0.300 c 


<1.24 3 


1.4 C 


1.7 C 


<1.49 3 


NGC7479 


<0.93 3 


<0.93 3 








IRAS 23128-5919 


0.3 C 




2.8 C 


3.T 




IC5298 


.79±.20 











Footnotes to Table 2b: 1 lower ionization potential of the stage leading to the transition; 2 in arcseconds; 3 Upper limits correspond to 3cr values. 
References: Flux data for these objects were taken from the following papers: b Sugai and Malkan 2000; ' Genzel et al. 1998; ■* Prieto and Viegas 2000 
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Galaxy Name X-ray Class L x Start Exposure Hard Counts Count Rate Counts/Frame 

in ergs s~' Date Time in Nucleus 0.2-10keV 

(ks) 2-10keV counts/sec Pileupif>0.1 

(1) (2) (3) (4) (5) (6) (7) (8) 



IN Vj \J 


jj 


1 qF4-17<" 

J.7CTJ / 


ft/1 /?nnn 


5.16 


j 1 


0.1242 


0.4023* 


IN Uv,UZ.JJ 


jj 


1.1E+38" 


17/1 {./] qqq 
lzj/ iu/ 1 yyy 


14.17 


754 


f) f)4 1 ft 1 


0.1348* 


wr T f 0404 


j 


2.1E+37" 


17/1 q/i qqq 

i^f 17/1 yyy 


24.17 


75 


f) 0D7ft 


074ft 


IN VJL-UUUU 


TT 
11 


N7.JCTJ / 


1 /78/7nni 


1 qd 

1 .71 






^0 00^0 


IN VJV^UO J J 


JJ 




1 1 /1 ft/7000 

11/ 1 U/ ^.UUU 


12.73 


1 5 
i j 


0.0045 


0147 


IN VJV^ lUJZ 


T 
1 


4 7F-4-41 * 


8/7q/7000 


7 4. 


1 81 

1 OJ 


1 7SS 


7011* 


ANfi?4R+4^ A 


TT 
11 


1 SF+dfl" 

1 .OlJ.TH-U 


8/77/7000 


11 7ft 


1 
1 


n nnrn 

u.uuu / 


0001 




J 


7 7F+40" 


s/78/7001 


aq qi 


1 5f) 

lju 


f) 0077 


0717 


IN VJ\„ JUJ 1 


J 


1.6E+40 C 


1/71/7000 


2.41 


7ft 

/ u 


oqn 


1071* 


in vjv, ju / y 


11 

11 


ft 8F4-18" 


1/7/7001 


7ft q7 


qs 

7J 


0078 


07S 1 


IN UL.JJUO 


JJ 


2.8E+39" 


1 1 /7n/7nnn 

1 Z.UUU 


2.01 


J 


004 S 

U.UU't J 


0147 




TV 
1 V 


4 OF-i-18 a 


1 1 /1/7000 

1 Lf J/ AUVU 


1 7ft 
1 . / 




008 1 
u.uuo 1 


07ft7 


IN VJv^H- ± Z, J 


TTT 
111 


A 7F-i-18 n 


q/q/70f)l 

7/7/iuui 


ft^ OS 

UJ.UO 


IS 


0047 


01 17 


IN V J V -+_ / 


T 
1 


1 7F-4-40 c 


4/70/7000 


1 41 


47 


708S 


1178* 
U. JJ / 


INVJv^^tj It 


JJ 


1.4E+38" 


4/7/7001 


16.28 


j 


0071 


00ft7 
u.uuu / 


1STGC4174 


III 


1.3E+39 C 


"S/l 9/7000 


28.85 


153 


OlfiO 


0.0584 


IN VJv,ttOU 


J 


1 IF +40" 


7/7q/7nnn 


18 1ft 


iq4» 

1 y^o 


101 7 


q7^q* 
U.7/J7 


IN VJv^H-JL)7 


TT 
11 


7 ftF + iq c 


7/1 7/7 nnn 


1 71 
1 . / 1 


1 n 

1U 


07qft 


Oq'SS 
U.U7J0 


NOC4S7Q 

IN VJV^t- J / 7 


J 


8 QF+40 C 


s/7/7000 

J/.1./Z.UUU 


I'S ft4 


8778 


80ft7 


ft510* 

U.UJJU 


IN V 1 V T^U7U 


III 


1.3E+40" 


4/1 8/7001 


S'S 84 


iq 


0.0022 


0.0072 




III 


l.lE+41 rf 


fi/71/7001 


27.2 


49 


0.0178 


0.0576 


NGC5195 


IV 


7.1E+37 C 


1/23/2000 


1.15 




0.0009 


0.0085 


MRK273 


III 


1.1E+44 C 


4/19/2000 


44.4 


671 


0.0264 


0.0854 


CGCG162-010 


III 


7.1E+41" 


3/21/2000 


19.67 


52 


0.0274 


0.0888 


NGC6240 


III 


1.6E+44 / 


7/29/2001 


37.16 


1110 


0.0579 


0.1878* 


NGC6503 


II 


4.6E+35" 


3/23/2000 


13.15 


11 


0.0029 


0.0093 


NGC6500 


I 


1.7E+40" 


8/1/2000 


2.13 


1 


0.0204 


0.0662 


NGC7331 


II 


3.3E+38" 


1/27/2001 


30.13 


33 


0.0051 


0.0083 


IC1459 


I 


2.6E+40" 


8/12/2001 


60.17 


1906 


0.1287 


0.2084* 


Abell 2597 


III 


1.5E+42" 


7/28/2000 


39.86 


142 


0.0322 


0.1044* 


IRAS23128-5919 


III 


1.1E+41" 


9/30/2001 


49.95 


286 


0.0109 


0.0353 


IRAS2055 1-4250 


III 


7.2E+40" 


10/31/2001 


45.44 


65 


0.0072 


0.0232 


MRK266NE 


I 


7.4E+40" 


11/2/2001 


19.95 


148 


0.0194 


0.0628 



Columns Explanation: Col(l): Common Source Names ; Col(2): X-ray morphological class; Col(3): Intrinsic X-ray luminosity in the 2-10 keV band.; Col(4): Start Date of Observation; 
Col(5): Actual Exposure Time in ks; Col(6): Hard Counts in 2 arcsec aperture centered on the Nucleus (2-10keV); Col(7): Count Rate in counts per second (0.2-10keV); Col(8): Counts 
per Frame, * indicates pileup, pileup if counts/frame>0. 1 

References: " This work. Luminosity using PIMMS assuming an intrinsic power law slope of 1.8. Luminosities corrected for Galacitc absorption listed in Table 1.; b Guainazzi et al. 
2000; c Ho et al. 2001 ; d Fukazawa et al. 2001 ; ' Xia et al. 2001 ; 1 Vignati et al. 1999. 
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Table 4: AGN Comparative Sample 



Galaxy Name Distance L FIR (L ) F lNeII]l2 ^ m a F [om26lm , a 7 [Sin]3Sln „ a log(L x ) (2-10 keV) 

Mpc 10- 20 Wcm- 2 10- 20 Wcm- 2 lO" 20 Wcnr 2 ergs s" 1 

(1) (2) (3) (4) (5) (6) (7) 



Cen A 


4 


4 ^6F+0Q 


22.1 


9 8 


54 5 




ll fill C 


D 


T, iqp+OQ 
j. i yc*^\jy 


00 


fS7 
u / .y 


151 

1 j 1 




M 87 
1V1 o / 


1 7 


7 1 8P-4-08 




<?ft 7 


<?] 7 




Mkn 1 


U J 


1.47E+10 




7 8 


\ 1 . J 




Mkn 3 




1 4^SF+10 


4 7 


12.6 




47 Qfi* 


Mkn 6 


76 




8 








Mkn 335 


104 


<; i 1F+09 


<0.7 


1.3 




43.4* 


Mkn 463 


202 


1.15E+11 


1.3 


4.3 


2 


42.5 C 


Mkn 'SOQ 


1 

i j y 


^ (S7F+10 


2 


1 8 
1 .0 




44 

T+J7 


A/Tkn 

IVlKll J / J 


U 7 


7 QfSF-t-OQ 


<-1 ^ 


7 Q 






Mkn Q^S 


01/ 


1.43E+11 


5 7 








Mkn 1014 


fill 


1.34E+12 


4^ 


1 4^ 


1 . j 




NOP f\ 1 ^ 

IN \J\^- \jXJ 




1 .J7ET 1U 


A 








1 N V J V . 1UUO 


14 


5 74F+10 


70 


1 j\) 


Q1 


41.61* 


isjr.r 1?7S 


7 1 




7 Q 




u.o 


4^ 81 c 




77 


o.uyn-t- 1U 


/in 


14. U 


'71 Q 


/in An/ 


NGC 3783 


34 


5.77E+09 




3.8 


3.2 


43.32* 


NGC 4051 


10 


1.57E+09 


2.5 






41.61* 


NGC 4151 


20 


4.17E+09 


11.8 


20.3 


15.6 


43.07* 


NGC 5506 


23 


6.02E+09 


5.9 


12astro-ph/0306510 5 


14.2 


43.31* 


NGC 5643 


16 


8.43E+09 




10.3 


5.5 


b 


NGC 7469 


65 


1.60E+11 


22.6 


3.4 


19.6 


43.68* 


NGC 7582 


20 


2.93E+10 


14.8 


11.6 


21.8 


41.9 C 


PKS 2048-57 


45 


1.15E+10 


2.13 


8.5 


3.5 




TOL 0109-383 


47 


5.30E+09 


<1.2 


1.4 






IZw 1 


248 


1.89E+11 


0.65 


<0.6 


<1.8 


43.39 s 


IZw 92 


153 


4.58E+10 


2.4 


1.1 






3C 120 


135 


4.17E+10 


0.9 


7.5 




44.33* 



Columns Explanation: Col(l): Common Source Names ; Col(2): Distance in Mpc; Col(3): Far-infrared luminosities correspond to the 40-500/jm wavelength interval and were 
calculated using the IRAS 60 and 100 fim fluxes according to the prescription: L[ F ; fi j = 1.26xlO~ 14 (2.58f 6 o+fioo) in W nr 2 (Sanders&Mirabel 1996); Col(4): Flux of 12.8/jm Nell line; 
Col(5):Flux of 26/im OIV line; Col(6): Flux of 35/im Sin line; Col(7): Log of the X-ray luminosity in the 2-10 keV band 

References: ■ Fluxes from Sturm et al. 2002; b Mas-Hesse et al. 1995; ' Levenson et al. 2001; d Reynolds 1997; ' Bassani et al. 1999; ' Terashima et al. 2002 ApJS 139; « Leighly 
1999 
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Table 5: Starburst Comparative Sample 



Galaxy Name Distance L FM (L Q ) F lNeim 2. illm a ¥{oiv}26tim h log(L x ) (2-10 keV) 
Mpc 10- 20 Wcm- 2 10- 20 Wcm- 2 ergs s" 1 

(1) (2) (3) (4) (5) (6) 



N3256 


VI 
j i 


1.75E+1 1 


7.6 




MS? 


T. 

J 


1 .J7ET 1 U 


oo 



o 


IN imUA 


/in 
4U 


O OTC i 1 1 

Z.Z/r,-t-ll 


5.1 


<i.Z 


N3690B 


40 


2.27E+11 


2.8 


0.8 


N4038/39 


21 


2.91E+10 


0.77 


<0.9 


N4945 


4 


9.21E+09 


8.8 


1.4 


M83 


5 


4.84E+09 


13.4 


0.8 


NGC 5253 


4 


6.51E+08 


0.77 


0.65 


Galactic center 


0.008 


1.50E+07 






N7469 


66 


1.65E+11 


2.3 




N7552 


21 


4.72E+10 


6.8 


<1.2 


2Zw40 


10.52 


8.73E+08 




0.55 


IC 342 








<1 


NGC 6052 


62.88 


3.95E+10 




<0.8 


NGC 6764 


32.21 


1.08E+10 




<0.8 



41.03 d 
39.53 f 



Columns Explanation: Col(l): Common Source Names ; Col(2): Distance in Mpc; Col(3): Far-infrared luminosities correspond to the 40-500/im wavelength interval and were 
calculated using the IRAS 60 and 100 //m fluxes according to the prescription: L[F; S] = 1.26xlO~ 14 (2.58f6o+fioo) in W nT 2 (Sanders&Mirabel 1996); Col(4): Flux of 12.8/mi Nell line; 
Col(5):Flux of 26/im OIV line; Col(6): Log of the X-ray luminosity in the 2-10 keV band 

References: " Fluxes from Genzel et al. 2002; * Lutz 1998; c Ptak et al. 1997; d Moran, Lehnert, & Helfand 1999; e Ptak & Griffiths 1999 and Matt et al. 1999. 



